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<g) Improved method of amplifying targbt nucleic acids applicable to both polymerase and iigase 
chain reactions. 

© Th6 present invention involves methods of improving LOR and PGR amplification schemes by "modifying at 
^st one probe/primer end so that the probability of the probe/primer contributing to spunous «gnal develop^ 
ment is greatly reduced. Only after specific hybridization of the modified probe/pnmer with true target, are me 
Z«i^ erfds -corrected" in a target dependent fashion to allow participation of the probe/pnnier .n the 
TnVySc assemtJy reaction. Specific modifications depend on whether the assembly is done by hgafon (as .n 
LOR) or by extension/elongation (as in PGR). 
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BACKGROUND 

This invention relates to metiiods of amplifying target nucleic acids and. particularly, to n^^thods erf 
performing ligase or polymerase chain reaction amplifications wherein at least one of the probes or pr^^^^^^^^ 
Lrs^iy m^^^^^^ at the reaction initiation site so that it is not a substrate for ttje ^^^v;^^ ^^^^^^^^ 
reaction. Exemplary modifications . include chemical blockage of reactant groups addi . on of one or m^^^^ 
nucleic acid base^ to form, an "overhang", or absence of one or more nucleic acid bases to form a 
"recess". The modified end prevents or reduces target independent spurious signal development and is 
later corrected in a target dependent manner to enable amplification. 

n m^^^^^ the feasibility of a nucleic acid based diagnostic assay Is dependent on the ab^ty to 
ampSy the signal generated by only a few molecules of target. Although signal ampl.ficat.on is^one 
potSi solution, ta'get amplification is often the preferred solution in nucleic acid based assay^.^a 
ampiatton involves the repeated copying or duplication of sections of the nucleic acd designated as the 

^^?n the target amplification technique known as polymerase chain reaction (PGR) a pair of Primers (one 
primary i,d one secondary) is employed in excess to hybridize at the outside end.s ol^comp\Bn^e^^ 
StS of the target nucleic acid. The primers are each extended by a polymerase us.ng the target nuc e.c 
S as a tempS The extension prlcts become target sequences themselves, following d.ssoc.at.on 
from 4 original target strand. New primers are then hybridized and extended by a ^^t"^'^^.^ 
cJdeTs .^pJated to increase geometrically the number of target sequence molecules. PCR is descnbed 
further in U.S. Patents 4.683.195 and 4.683.202. 

An alternate mechanism for target amplification is known as hgase cham reaction (LCR). «" jf R- 
primary (first and second p'obes) and two secondary (third and fourth) probes are employed .n excess. The 
Z7oL hybridizes to a first segment of tt.e target strand and the second P~''«,^hybn^^^^^^^^ 
s^ment of the target strand, the first and second segments being contiguous so tiiat «^77«^ P "''^^ 
aburone another in 5' phosphate-3' hydroxyl relationship and so that a ligase ^^°;«J«"^^^^^^^^ 
The two probR-s into a fused product. In addition, a third (secondary) probe can hybndize to »»e first probe 
IndtfoSrth (secondary) probe can hybridize to the second probe in a similar abutting fashion. Of course, .f 
^e tergett doubte stranded, the secondary probes will also hybridize to tine target complement .n 
me i nstance. Once the fused strand of primary probes is separated from tiie target strand, .t w.n 
hybriSe w Mhe third and fourth probes which can be ligated to fom, a complementary secondary fu^d 
IduTin order to understand. LCR and the Impwvements described herein, it is important to real.ze ttia 
Sffused p^)ducts are functionally equivalent to either the target or its complement: By repeated cycles pf 
hybSrand ligation, amplification of tt^e target sequence is. achieved. This techn.que .s descnbed 
more comoleteiy in EP-A.320 308. tiie entire disclosure of which is incorporated herein by refere^^^^^ 

oZT^Xe^l^^rrgfhB of amplification reactions is their ability to detect exceedingly srnall numbers 
of target molecules. However, it is Tmportant that me amplification process be high y specie s,nce me 
^Sation of untargetted sequences along with signal could potentially impair the rel.abil.ty of the 
3 I caH process. Boih PGR and LCR are' capable of generating and even amphfy.ng non-specifi or 
Sous background signal. Due to the different principles underlying PGR and LCR. sources of back- 
ground signal are different for each, and will be discussed separately. 

A potential problem associated Witti ligase chain reaction is background signal caused by target 
independent ligation of the probes. Since ttie ttiird probe hybridizes to the first probe and the fourtti probe 
hvbrSrto ^ s^^^^^ probe, the probes, which are added in excess, can easily fom, dup exes among 
memilves^ T^^^^^ duplexes can become ligated independently of the presence of tajget to f m a fu^^^^ 
Sc which is then indistinguishable from ttie desired amplified target, yet which is still capable of 
Cording further amplification. Although target independent blunt-end ligation of these duplies .s a 
reSy rare event, it is sufficiently common to cause undesirably high background signals in diagnostic 

^Tcommonly recognized source of spurious background signal in PGR is the hybridization of a primer 
seauence trregions of the DNA molecule not Intentended to be amplified. Generally these hybridizations 
S beclus^tST tam^^ sample contains, in addition to the target sequence itself, other sequences w.m 
^me SaTy to the target sequence. Although hybridization of primer to these sim lar sequences is ncrt 
rFJoharas to Iho target sequence, some hybndlzation can occur. When such unintended non-specific 
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hybridization occurs, if the 3" terminal nucleotide of the primer molecule is sucessfully hybrid Md to 
complementary nucleotide of the target molecule. It is possible that primer extension may be suces^^^^^^^ 
Sed by the polymerase enzyme, leading to the generation of an <>«9onulceotide different th^ th^^ 
sequ^ce under some circumstances, this nucleotide may even undergo exponential f^^^*^^^"^^ 
er amplified or not. the spurious nucleotide sequence may. under some analysis situations, be taken to be 
indicative of target sequence and thus lead to enroneous results. 

SUMMARY OF THE INVENTION 

Althouah oligonucleotide probes and primers serve dramatically different roles in LCR and PGR. 
resptcS the terms "initiator" and "probe/primer" are used herein where general ^^^^ 
0 both It is a primary object of the present invention to improve the sensitivity of nucleic acid based 
ass^s by d^e^sing the occurrence of spurious signal generation. This object is met in the present 
rnventton by m^^^^^^ at least one probe/primer end so that the probability of the probe/primer contribujng 
Tsplus signa? development is greatly reduced. Only after specific •^Vb^idizajon o the^m^^^^^^^^ 
probe/primer with the target, are the modified ends "corrected" in a target dependent fashion to allow 
Darticioatlon of the probe/primer in the enzymatic amplification reaction. ,ui..h 
^ Sne feature of Sie invention, useful In either LCR or PGR provides a nucleic acid P^^be/pninenn wh,^^^ 
a chemicri moiety blocks or masks a group which Is obligatorily involved In J^VrrZo'Son 1^^^^^^ fn " 
the amplification reaction. This enzymatic step is ligation In LGR and extension or elongaton n PGR. In 
*ther ca n^Tpi^b^^^^^ is capable of hybridizing with the target and initiates the enzymatic reaction 
m's the termStor-) and the ligated or extended product is referred to as an "amplification produc.) 
Te b k^gCi^^ selected so' that it can be removed by an enzyme ^^^^^l^^^.;"^^^"^^ 
nmh.Snr.mers are hvbridized to the target. In another aspect, a probe/pnmer is modified to contain an 
'^^Zra<i2<!:^^^^^^o.. .nd.'The bases are later cleaved in a target dependent fashion allowing 

''^ ''^^ZlZXlZTs^no for LGR. the probes have recesses rela«ve to the point of ligation 
whlc^^a e'a gap when hybiidlzed to the target. The gap is then filled in a target dependent manne, to 
TenderTe probes tigatable. Gap filling can be accomplished by extension of one or more probes, or by the 
use of additional fifth and sixth probes followed by ligation. ^. ^ . 

^oiroblect of the invention is to provide an improved method for distinguishing a first sequence 
fromTScond sequence, the first differing from the second by only a single base «i me ^Oet^'^"^^^^ 
firet sequence may be viewed as a target, and the second sequence may be viewed as a potentially cross 

""Sfnt?nveSr!':^S^^^^^^ of amplifying a target nucleic acid sequence enzymatically to 
• vield Sif cati^^^^^^ wherein an enzyme utilizes: a nucleic acid Initiator, the target sequence o^ 
rmpIiSrptduS ?o whi^) It hybridizes as a template: and at least one additional ""^teosid^— 
Tad ant as building blocks to enzymatically asserhble amplification products qpmplementanr to the target. 
Sl^Xtrproducts themselves serving as further templates: wherein the Improvement comprises: 
, (aTp'S^g re^^^^^^^ W^tors capable of hybridizing with the target, wherein at least one of the initiator 
■ is mSfied such that, when the initiator is hybridized, the enzyme is substantially incapable of acting on 
the initiator as its substrate, so that amplification product is not assembled: 
to) hvbridizing the initiator to the target, if present, to fomi an Initiator-template complex: 
S ZTS^e modification in a target dependent manner to allow the Initiator-template complex to be 
5 acted upon by the enzyme; • 

P-ers used in PGR or one or^m-o; of .e 
« nrnhi !;;^ irLCR Wh^^^ in tho extension7elongation context, the nucleoside-containlng reactant 
c^mSs^SuceSder^^^^^^^^ analogs thereof. When used In the ligation context, the initiator 

Smo 1 es only one ^^^^^^ a pair of partner probes (ie one primary probe and/or one secondary probe) 
S rnuclLsW^^^^^^ reactant comprises a second oligonucleotide pmbe (ie the other partner of 
the oair which ultimately becomes ligated to ttie Initiator.) ,^„«m- 
^ Correction of the modification depends on the modification made. However, to realize '""V *e benef. te 
of i^Z^n ^eZe^on must be made substantially only when the modified initiator .s hybnd.zed to 
Sraet or Hmpl P^^^^^ which results from enzymatic assembly, either of which senses as pro^r 
. tJp aS. ThuTcor^^^^^^^^^^ "template dependent". T a correcting and assemWing reagents are described 
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in more detail below. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Rgure 1 is a graphic representation of the process of ligase chain reaction as it Is known In. the prior 

drt 

* Rgures 2 A and B are graphic representations of the overhang embodiment, wherein R represents a 

blocking moiety, and "rBrBrB" represents a ribonucleotide extension. 

Figure 3 is a graphic representation of the single gap variation of the second embodiment. 

Rgure 4 is a graphic representation of a generalized, double gap variation of the s^corid embodiment 

Rgure 5 Is a graphic representation of a thinJ variation of the second embodiment utilizing additional 

probes to fill the gaps. 

DETAILED DESCRIPTION 

For purposes of this invention, the target, sequence is described to be single stranded. However, this " 
should be understood to Include the case where the target is actually double stranded but is simp^ 
separated from its complement prior to hybridization with »he probes/pr.mers.Jn the wse o^^^^ 
sfranded target, secondary probe(s) (For LCR. the third and fourth probes. A' and B': for PCR-th^ f *toona 
primer. B) will also participate in the Initial step by hybridizing to the target complement In the case of 
single stranded target, the secondary probes or primers will not participate in the ''-'^t'^^hybridizaton s^ep 
but will participate in subsequent hybridization steps. Target sequences may comprise deoxyribonucleic 
acid (DNA) or ribonucleic acid (RNA). 

Throughout this application, the "prime" 0 designation is used to indicate a complementary base or . 
sequence. A probe or primer Is "complementary" to another sequence if it hybridizes to the sequence and 
has substantially compLentary base pairs in the hybridized region. Thus. P~»^ f «n be c^mplementa^ 
to A- even though it may have ends not coterminal with A. The same is true of B and B'. Similariy. *e 
short sequences X„ and Y„ have complementary sequences designated as >C„ and Y„. respectively. 
Rniy. tSe complement of a single base. e.g. Q. is is designated.as.Q'. As used herein wrth respec^^to 
sequences, "complementary" encompasses sequences that have mismatched base pairs in the hybndiza- 
ble region, provided they can be made to hybridize under assay conditions. ^ ^ . 

It is also to be understood that the tem, "the 4 bases" shall refer to Guanine (G). Cytosjne C . Adenine 
(A) and Thymine (T) when the context is that of DNA; but shall refer to Guanine (G). Cytosine (C . Adenine 
A and Uracil (U in the context of RNA The term also includes analogs and denvatives of the baser 
named above. Although the degenerate base Inosine (I) may be employed with this invention, it is not 
preferred to use I within modified portions of the probes according to the invention. 

. I.LCR 

With reqard to LCR. it is an important feature of the present invention that instead of using two pairs of 
probes capable of forming blunt-ended duplexes, at least one probe of one of the probe Pa.*^ '"*a^ly 
includes a -modified- end which renders the resultant duplex "nonblunt" and/or. not a suitable subsfrate fo 
Z lloase catalyzed fusion of the two probe duplexes. A -modified end" is defined with respect to the point , 
S liSn ^Ser man wSh respect to its complementary probe. A "modified end" has either (1) a blocking 
I'rcor Sonal base residues) on a group (e.g. the 5' phosphate or the 3' hydroxyO whic«i ""de^ 
ordinary LCR conditions, obligatorily participates in the ligase catalyzed fusion (See e.g. probe A R9"'es 
2A and 2B); or (2) omitted bases to create a "gap" between one probe terminus and the ne)rt probe 
terminus (See e.g. probe B of figure 3: probes A' and B. of figure 4; and probes D and E of figure 5.) ^ 

By convention in this application, a modified end of the first type is referred to as an "overtiang • he 
overhang being an additional blocking moiety or additional base residues which, when hybndized o the 
terZ sequence extends beyond the point of ligation. The term "overhang" is not to be confused with an 
^tension Tone^ with respect to its complementary probe, resulting from the fact that they need not 
Te CO erm'na? A modified end of the second type is referred to herein as a "recess", the recess being the 



qL breen b.0 primary or secondary probes after hybridizing to the target. The presence of these 
modiSd^Ss rl^^^ the falsely positive signal created by blunt-end ligation of complementary probe 

duplexes to one another in the absence of target. . , , , . y,^^ ii„a»ahte A«i used 

"Correction" of the modification is subsequently carried out to render the probes ligataWe. u^ 
herein "correction" refers to the process of rendering. In a target dependent manner, the two pnmary 
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'probes or the two secondary probes ligatable to their partners. Thus, only those probes hybridized to target, 
target complement or polynucleotide sequences generated therefrom are "corrected." "Correction can be 
accomplished by several procedures, depending on the type of modified end. used. _ . 

As used herein, "point of ligation- or "interided point of ligation" refers to a specific location between 
two probe partners that are to be ligated in a template-dependent manner. It is the site at which tne 
"corrected" probe lies adjacent its partner in 5' phosphate- 3' hydroxyl relationship. For each se of four 
LCR probes there are two "points of ligation", a point for the primary probe partners and a point for the 
secondary probe partners. In conve.nional LCR the two points of ligation are opposite one another, thus 
forming blunt ended duplexes when the probe pairs hybridize to one another, in. the present invention, the 
points of ligation may be opposite one another only in the "overhang" embodiments. They are displaced 
from one another in the "recess" embodiments by one or more bases bv virtue of the gaps. Tne exac 
point(s) of ligation varies depending on the em'oodiment and. thus, this term is further defined in the context 

^''ih ? Sfe'probes may comprise deoxyribonucleic acid (DNA) or ribonucleic acid (RNA). It is a routine 
matter to synthesize the desired probes usmg conventional nucleotide phosphoramidUe ch^^^ and the 
instruments available from Applied Biosystems. Inc. (Foster City. OA): DuPont. (Wii^'ngton DE): o^^ 
Milligen. (Bedford. MA), Phosphorylation of the 5' ends of the probes, while necessary for ligation by ligase. • 
may be accomplished by a kinase, as is known in the art. . . ^ -u--* — 

Throughout this application, the bases X. Y and Q. and their complements are described as being 

, selected fn,m certain subsets (N or M) of the 4 bases. In reality, the sequences are not 3elert«d^.a^ ajK 
but are dictated by the sequence of the target strand. The term "selected" in this conte.«<t is taken to mean 
that a target sequence having the desired characteristics is located and probes are constructed around an 

aDproDriate segment(s) of the target sequence. ^ ^ . -i r-i 

in general, the methods of the invention comprise repeated steps of (a) hybndizing the modified p obes 

! to the target (and. if double stranded so that target complement is present, to the targe r"o?i;n\hi 
correcting the modification in a target dependent manner to render the probes ligatable: (c) ligating the 
corrected probe to its partner to form a fused or ligated product; and (d) dissociating the.fused product from 
the target and repeating the hybridization, correction and ligation steps, to amplify the desired target 
seauence Steps (a) (c) and (d) are essentially the same for all of the embodiments and can be discussed 

, Ztreri^rare g^^^^^^^^^ same steps that one would employ in conventional LCR. Step (b) varies 
depending on the type of modification employed and each different type is discussed separately. 

Hybridization of modified probes to target (and optionally to target complement) is adequately explained 
in the Drier art- e.g EP-320 308. Probe length, probe concentration and stringency of conditions all affect the 
degree and rate at which hybridization will occur. Preferably, the probes are sufficiently long to provide the 

s desired specificity: i.e. to avoid being hybridizable to random sequences in the sample. TypicaHy. probes 
on the order of 15 to 100 bases serve this purpose. Presently preferred are probes having a length of from 

about 15 to about 40 bases. ..... »>9r.f 

The probes are added in approximately equimolar concentration since they are expected to reac 
stoichiometrically. Each probe is present in a concentration ranging from about 5 nanomolar (nM) to about 
«, 9^ nHreferabhr from about 10 nM to about 30 nM. The optimum quantity of probe used for each reaction 
aL va^s diending on the number of cycles which must be performed. Optimum concentratons can 
readily be determined by one of ordinary skill in this art „ »«.„„„nh.ro 

The stringency of conditions is generally known to those in the art to be dependant on temperature 
solvent and other parameters. Perhaps the most easily controlled of these parameters is temperature and 
« thts it rgei^ely the stringency parameter varied in the performance of LCR. Since the stringency 
SllLns'rS Tpra^^^^^ mention are not unlike those of ordinary LCR. further detail is 

deemed unnecessary, the routine practitioner being guided by the examples which follow. 

The next step in the general method follows the specific correction step and comprises the ligation of 
one probe to its adjacent pamter. Thus, each primary probe is ligated to its associated primary probe and 
50 each Sc^ndary probe is ligated to its associated secondary probe. An "adjacent" probe is either one of tm, 
p^bes hyS^^^^^ with the target in a contiguous orientaUon. orie of which lies with its phosphorylated 5 
end in abutment with the 3' hydroxyl end of the partner probe. "Adjacent" probes are created upon 
• correctiorrthe modified end(s) in a target dependent manner. Since enzymatic ligation is the preferred 
mS of covaiently attaching two adjacent probes, the term -ligation" will be used ^o^^-^^- 
application. However "ligation" is a general term and is to be understood to include any method of 
SEly attaching i^o probes. One alternative to enzymatic ligation is photo-ligation as described in EP- 

Thrconditions and reagents which make possible the preferred enzymatic ligation step are generally 
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. • known to those of ordinary skill In th art and are disclosed in the references mentioned in background. 
Ligating reagents useful in the present invention include prokaryotic ligases such as E coll ligase, T4 ligase 
and Thermus thermophilus ligase (e.g.. ATCC 27634) as taught In EP-320 308. This latter ligase is 
presently preferred for its ability to maintain activity during the thermal cycling of LCR. Absent a thermally 

5 stable ligase, the ligase must be added again each time the cycle is repeated. Also useful are eukaryotic 
gases, including DNA ligase of Drosophllia, reported by Rabin, et al., J. Biol. Chem. 261:10637-10647 
(1986). 

Once ligated, the fused probe Is dissociated (e.g. melted) from the target and, as with conventional 
LCR. the process is repeated for several cycles. The number of repeat cycles may vary from 1 to about 

70 100. although from about 15 to about 70 are preferred presently. - 

It is desirable to design probes so that when hybridized to their complementary (secondary) probes, the 
ends away from the point of intended ligation are not free themselves to participate in other unwanted 
ligation reactions. Thus, ligatable sticky or f>lunt ends should be avoided. If such ends must be used, then 
free 5. terminal phosphates should be avoided or eliminated. This can be accomplished either through 

75 synthesizing oligonucleotide probes (which normally carry no 5' terminal phosphate groups), or through the 
use of phosphatase enzymes to remove terminal phosphates (e.g. from oligonucleotides generated through 
restriction digests of DNA). Alternatively, ligation of the "wrong** outside ends of tiie probes can be 
prevented by blocking the end of at least one of tiie probes with a "hook"* or marker moiety as will be 
described in detail below. 

20 Following amplification, the amplified sequences can be detected by a number of conventional ways 
known in the art. In a particularly preferred way, hooks are attached at the available outside ends of at least 
two probes (opposite ends of fused product), arid preferably to the outside ends of all four probes. A "hook" 
is any moiety having a specific ligand-receptor affinity. Typically, the hook(s) at one end of the fused 
product (e.g. tiie 5' end of A and the 3' end of A') comprises an antigen or hapten capable of being 

25 immobilized by a reagent (such as antibody or avidin) coated onto a solid phase. The hook(s) at the other* 
end (e.g. the 3' end of B and the 5* end of B') contains a different antigen or hapten capable of being 
recognized by a label or a label system such as an antibody-enzyme conjugate. Exemplary hooks include 
biotin, fluorescein and digoxin among many others known in the art. A substrate is then added which is 
converted by the enzyme to a detectable product. EP-A-330 221 to Enzo describes oligonucleotides having 

30 a biotin molecule attached at one end. 

A- OVERHANG!NG MODIFIED ENDS . 

As mentioned, a first embodiment involves a modified end wherein a blocking moiety or additional 
35 bases are added to at least one probe beyond. the point of intended ligation. The blocking moiety or the 

additional bases comprise the "overhang" and are the reason blunt*ehd ligation is not possible. In a first 

variation, the overhang comprises a chemical blocking agent, R. 

It is well known that the standard DNA ligase reaction requires that the substrate strands present a 3* 

hydroxyl and a 5' phosphate at the point of ligation. Several modifications, particularly at the 3' hydroxyl 
40 group, are known to introduce, an R group which will render the modified end incapable of participating in a 

ligase reaction, but which can be removed when the modified strand is part of a double stranded structure. 

Such modifications include tiie following illustrative R groups attached to the 3' hydroxyl oxygen in place of 

the hydrogen atom: 

o* ' 

II 

P — o-z 

I 

OH 

wherein Z is selected from the group consisting of -H;-(CH2)n CHO. where n Is from 1 to about 3, preferably 
1 or 2:.-deoxyribose; and -dideoxyribose. 
55 The synthesis of probes having ends suitably modified with an R group is well known in the art. For 
example, chemical synthesis of oligonucleotides containing a 3' phosphate group has been described by 
Warkiewicz and Wyrzykiewicz, Nucl. Acids Res. 17:7149-7158 (1989,). Larger blocking groups, which may 
havo the advontago of hidinn tho 3' phosphate from non-spocific phosphatnsos that minhl bo prnsont In 
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,5 present m the duplex. There are many dio 9 ^ ^ ; , adapted to correcting the 

chain. Thus, probes can be designed in which q .^„q ^^en the probe is 

me resuKag lused molecule can sen« as a target.. f^^l^^T^^^, ^ tocus «Kch 

residue. In either case, a strategically pw^^w --„iari.te«! In the case of the loss' of a G residue. 

the A contalnins prol» «.« fail to bo j„ ^ eontalning probe, is enabled and the 

impaired. In the case ol the appearand ola new GJea«8^^^ 9^ ^ ^.^^^ 

^r'^=.rS«^Csi"SS- S« ro^a^"": tdenJ.,^W .ng. base changes at 
„ ^.c^Sr. marSer arl^us to the described AG mismatch repair system. 

B. ENDS MODIFIED BY RECESSES 

generated therefrom). In order fo^LCTlto '^^/^^^^ ^/^^ be done using a polymerase or a 

. s:;rs?;a=rd^^efT?.^dt^f^^^^ 

this application consls« .1 «» ' "^^^^^^ o', ^se etemsnts which are tand in both S and 
^sS'.' r a^r«r r^oTTStdt, M- con^sts o, those bases which are present m 



could synthesize many variants which would work V «ell. ....,.-033 ..^qq)) will remove such 

.««rnrZ»U« «^^^^ «• ^-nc*^ -rnanas -na, ^ use. ,„ 

2 an overhang containing an abasic site; and . . ^ ^ • •♦u k^c^ in th^ tarnfit 

""^fRIbonucleotlde modifications. Synthesis of DNA oligonucleotides containing ribonuclytides has 
1. Ribonucieoxiae ""o"'"^ 232-96-98 (1988). DNA probes having modified ends 

substantially only .f that s^-,^"^^'^,-^^^^^^^^^ aJ^r ^nly all but one ribonucleotide from a strand, that 

^ whether a partcular nbonuctease RNAse «mov^ all or pn y ^^^^^ ^^p^^^,^ 

need not concern us in general, s nce ^ '®^st f me ngas J « « . , ^ to 

detemine to< purposes of LCR " T"' ^ re„^es eithw all or all but one of the 

ritorwlllled LCB probe sets. des«ned =" «" '"^^ 7' f'f-'Son In each case. Once established, the 
« r««des. t'^T^T^^^^X^^ H species may be more 

^n'^rllS^fo' S T.^^ ^S . re.^1. *^rmlned enr^HCl, .or an, ^ 

"'l:* rCdeotide mcdilled probes are used In an LCR J^^" 

r*;iK;'^.er,Tr;r.s,;7«irdCrsn^^^^^^^ 
" s.«r:: o, oM/a. ^^^^^^^r:, srSd^jh^rc 
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^ neither the gap X„ nor the gap Y„. According to this invention.- the set -not N and not M" must not be an 
empty set: i.e at least one base must remain in this set to code for the "stopbase . 

1. Gap Filling by Extension: 

' In accordance with this first version, the invention involves repeated steps of (a) hybridizing the probes 
to tl^e SgeS if double stranded so that target complement is present, to ^^f^'^"]^^^''^'^^ 
■ extending at least one probe to fill in at least one gap. designated X„: (c) ligating the ^^^'^'^^^^^^^^^ ^ 
Sace " p'obe to fom, a fused or ligated product: and (d) dissociating the fused product from the terget and 
9 reoeatina the hybridization, extension and ligation steps to amplify tiie desired target sequence. ^ 
ifws 4rX. the "gaps' X„ which Impart the "modified ends" are "corrected" by extending one ^ 
more oTthe p^bes using a polymerase or a reverse transcriptase. Generally, extension of a probe 
hybridized to a DNA target is accomplished ty a DMA polymerase or a Klenow ^l^' ^J'^^^^^^^ 
n the case of an RNA target, extension is accomplished by a reverse transcriptase. Exemplary reverse 
s Snscn^L^ include ttiose from avian myeloblastosis virus (AMV) and Moloney murine leukemia virus (M- 
S gSrytl'ile to those skilled in the art. It is. of course, preferable to utilize «rtens.on reagente 
suites T^poly^^^^ which are thermally stable and can withstand the cycling of temperatures 
ZsiZ ISTLCR If the ;xtension reagent Is not them>ally stable, it typically must be re-added at each 

.0 '""ll'Son by extension In tills manner requires the presence in the ^^'^''^^."'f^'l^Jl^^^^^^ 
triphosphates (^NTP-s) com^eme^^^^^^^^^^ 

?or^th?tro:;Zro?^ ^rfare CO Jercially -nj!; --^^^^^^^^ 

S sources, including Pharmacia (Piscataway. NJ) and Bettiesda Research Laboratories (Gj-^^^^Ju^^^ 
« Ss on must be tem^inated precisely at ttie point of ligation so ttiat the extended probe, ^ute the 
adiaS^t p oSeTd can be ligated to It. "Stopbases" are employed for this purpose. (Sea figures 3 and 4^ 
f-TobS^- designated Q' is defined in terms of its complement. Q and is accomplished by omitting 
• Jom meTaction S^^^ dNTP^s that are complementary to Q: l.e. by omitting dQ'TP from the reacton 
r^l e -^us it s seen how the bases for the gap sequence(s) must be selected from a set N- consisting 
oflSv thiee of ttie four bases, so that the complementary three of the four dNTP's are added to ttie 
IcSon m Ire. When the fourth dNTP. dQ'TP. is absent from the reacti^on '"'f "^^^'^^"^'^"J^^^^^^ 
LTlhe Seared point of ligation. It follows that Q' is tiie first base in the adjacent probe, and the base on the 
terae^ wWch cS^ss for *e stopbase is the first base adjacent the gap (on its 5' end in Figure 3^ It should 
be'n ted^^m^^^^^^^^^ Q' itself (not the complement Q) must occur adjacent ^\^l;>l^'^, ?^ 

This is because a Q' stopbase must also be present to prevent undesired 3' end extension of probe B (see 



35 

Rgure 3). 



ance the concept is easiest to grasp in its simpler special case., the single gap. mettiod is descnbed 
firstTshouTd be undo stood, however.. tSat the single gap variation Is merely a special case of the double 
1^ ,^lSr(«sc^8sed later Rgure 3 depicts.an embodiment referred to as single gap since only one of 
gap ''^^^'^l^^^^^^^^ _7"3t 5 °end A first probe. A. hybridizes to a first segment of the target 
SLT T ?seco?d probe B 1,y'br diSs to a^^^^^^^^ segment of the target strand, leaving a gap of one or 
strand T. A ^^^^^^^^^^^ A^st segment and ttie 3' end of the second segment. This gap is 

y T h rd orobe Tis hXidizalJe to the first probe A: and a fourth probe B' is hybridizable to 
fr^ ^^H^;lTM shown in RguS 3. ttie target strand T can be double stranded, having a target 
. r;eTent'?;^^^^^^ and B' willUipate in the initio hybridization by hybridizing to 

""H^nrSyX™ S^^^ ia a 5. to 3' direction. Consequently, the 3' ends of 

hothTend b" would be extendable by polymerase In the absence of anything to prevent extension. If probe 
?T/hvbridfzedt Pla^ r^^^ target complement it sterically prevents extension of B'. If. however A is 
so Jot hiSef ti tSLT^^^^^ extension still is tem^inated if the next base called for m the 

plnlion of B- 1^0') is absent from .the reaction rhixture. Conversely. Probe A is extended until either 
~ stopK complement (Q) is encountered along the target s.and Since A' will not serve as a 

toir: \ 'x^^r.v::^ .. . gap .... at the 
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75 



20 



25 



to. be d4=dl»d. suppose that in Figure 3. *e ^^J^Zl^^^^mP'. M nust be added 
selected .™n , set^N (^'f °' SJi^hTg « ^ «s ex^pie a.^ i« 

the set "not N" is fulfilled. ^ . ^^^^mc^m the addition of C and T to its 3* end 

,„ ^ prese^e o, a '^f^^^^'^J^ Se C P. T in *a b 

using the target strand as a "^^^^^l^'^^^i^ Mithe. G nor A are supplied to the 
Sn^I '^r^I'^SsCa. .ne pom. C ^ >^ .b. extendi. . ... 

probe B to lomn adouble stranded -f^J^ ^^^Z^J^^ A' and B' in the Initial cole if 
. is double stranded and ha* a """P^!^ TuSrTroXSzS « ««ess probes A and B r«hor than 

Sr'p^- V^''^^^ - 

for ligation. • ... . ,.«mniovfi«5 are dissociated and new probes A. A'. B and B' are 

rrXel^ - n :;^ ?r^„rT* r ^il be understood d-a. the 

rs^nteTrtS^--"-""^---^^^^^^ 

fails to occur in the Xn sequence. 
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TABLE I 

• ILLUSTRATIVE GAP SEQUENCES. REQUIRED 
dNTPs. and POSSIBLE COMBINATIONS FOR Q and Q 
IN SINGLE GAP VARIATION 





X'TPs 


not N* 


STOPBASE 


A 


T 
1 


T, C, G 


A. C. G 


GT 




C. A 


G,T 


GC 


G,C 


A T 

A,. 1 


A T 


AA 


T • 


T. G. C. 


A, C. G 


GCA 


C.G,T 


T 


A 


G CAG . 


C. G.T 


.T 


A 


AAATT 


T. A 


G.C 


C,G 


GCAGCA 


C.G.T 


1 


A 


GACT 


ail 


VOID since no 








StOPBASE 





*The set not N. provides the possible complements (Q) for the 
stopbase Q', The actual stopbase (Q') possibilities are given in the 
next column. 

AS previously mentioned, the single gap variation Is a specialized case ^jj^'^^^'^';^^^ ""^^l 

'^e Sran^rond^r-^ ofL target to which the pr^^^^^^^^ A.and B hvt,.dize The 

bases 01 gap X„ are subiect to the ''"J^^^^^^^^^^^^^^^ ^^Jel^Z respect to both the target 
in addition, third probe A' Is also shortened ^?te 5 end (see f^^^^^^ 

^d r^al n^'nLd^^^^^^^^ -o. In which case the double gap. variation degenerates .nto the 

spedallzedcaseofthe si^^^^^^^^ , .^^^^^^^ ^ 3. ^^^,^3, ^^^^ x.,. 

in a preferred J'^J^^J"^^^^^ is not essential to the Invention, however. 

■dentical to the^X„ Th^llnrbe^^^^ 3* te^'"'""^ »*^« ^' ""^^ ^ ' 

as the gap need only be formed between the proDes^ . nu . 

B. Since V v kisi as Ihe first probe A Is extended throuoK ttie X. gap. 

through »« gap. ^X"„^.^lJ " ™ J^^a, jap embodimeol is «-v sintlla, to .l«t employed 

.l,HTeCU»=^SVo.H,b«.l^ 

r.:^=vr r a^^Tor^ pro^s p.. 
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15 



.20 



25 



iinUSol, »f pis ^^on. A Snste stopbas. ttrmln«. ««n«on In !»«. X. »>d Y, 

"1. «cond «««on on ^,ue™:e Y„ occurs » n eooal, "J^^ZSZ^TJT.^ 

I* ^ s* rirr^^nrrArf that Y« not be comp smentary to Xo. in pmer woras, mo oh«« ^ ^ 

less likely with slippery «"^^>- ^«^^J^%°^^^^^^^^^ stranded complexes of A:A' will ligate to 

where m ^^^f^'^' ^'^Z^JV^^l^^^ These complexes will be shorter thar, the 

double stranded complexes of B.B '"depend^rrt^ o^ ^^^ ^^^^^ ^ ^ basis of lerigth. In addition, i 
desired target sequence by m (or ''^f^^^^f^*^ ° ^ g number of reagents that are capable of 
the ends are "slippery", the base mismatch ^J^^^f J^^^^^ -"^V ^ determined chemi- 
detecting and/or destroying base mismatches^ .^/hnre ^sdoILT^^^^^ Proc. Natl. Acad. Scl. 
^^iZrS^T:::^^^^ ^:S?^crr^^^^^ as S. nu^ase and mung 
'"'"sSml^'^ c^^^^^^ of yes and Vs. their dNTP counterparts and th- resultant possibilities for 
Q and Q' are given in Table 11. 

TABLE II 

ILLUSTRATIVE GAPSEQUENCES, RECaUIRED 
dNTPs. and POSSIBLE COMBINATIONS FOR Q and Q 
IN DOUBLE GAP VARIATIQN 



30. 







35 A. ■ 


A 


G 


T 


AT 


AT 


AC . 


GA 


40 ATG 


AAA 


GGCC 


AAACG 


ATTGA 


AGGT 


. CGC 


GCG 



45 



X'TPs 

T 
C 

T. A 
T.G 
T, A.C 
C,G 
'T, A. C 
complement. 

not 

permitted 



T 
A 

T.A 
C.T 
T * 
T.G.C 
T.C.A 



pnt U and 
not M* 

T.C.G _ 

C.A 

C.G. 

T 

C 

T 

C 



j^TnPBASE 

A. C.G 

G.T 

C.G . 

A 

G 

A 

G 



so 



ss 



-The set not N and not M provides the possible complements (p) for 
. the stopbase Q'. The actual stopbase (C) possibilities are given in , 
the next column. * 



EP 0 439 182 A2 



««fprr«ri- for examole from 1 to 3 or 5 bases. Most preferred at present are gaps of only a single base. It 
Slf hlen^SndTargap^^^ base greatly increase the ratio of true signal to background and leave 

r,!sting teU. rather than -selecting" stopbases. a single base gap is more useful .n most cases. 



Further Features 



fS 



20 



25 



30 



' In a variation of either -recessed-tjmbodiment. the deoxynucleotide triphosphates used in filling the . 
gap marbrmoSfied to contain a marker moiety. Exemplary markers include ^ire^ laijs such as 
?adtoisTtopes o^^hooks such as biotin. digoxin or other hapten capable of being recognized by either a solid 
S«i or a label oroducing system. Isotopic labels include «?. and deuterium among others, 
''"'•irpo^^^^^^^^ into the'dNTP's b.generally .'i,rrrSo°lrd^^^ 

Linker7w spacers may be used but are not essential. It is only important that ttie •^<l'''«<*,f °! 
beToi?.oS 1 the gap opposite Its complement on the target strand and be covalentiy bonded to the 

"^^^^^rore. ei.er of - -odim^^^^^^^^^ 

So^i i^ rsSdS^ rrj: IC^.^ ^ ^ (00-^ not .ngth) is used 
to ^^^^^^^^ in the gap region of the nontarget can be distinguished by omitting 

dZTptom ? e^^^^^^^^ -y^e said that Z must also be^ng to^^^^^^^^ not N, and 

diffe^nce at one'or'the other of the gaps. It can also be used to distlnguist, a sequence having a diffenng 
base in the stop base or Q' position. 

2. Gap Filling by Additional Probes 

According to this version of the recessed embodiment, the invention involves repeated JtePS of (a) 
Accoramg ro in.» Stranded so that target complement is present. 

globes F and F ^used in place of polymerase and dNTP's to fill In the recesses or gaps between the 

^'''^'^re 'pairs of probes are employed in this embodiment. First and second probes D and D' 
, resoSely w I hybndize to one another, as will third and fourth probes E and E'. P«*^f (^^te that 

r«n°d 0 obi D- aS E Sed o be non-adjacent as well as not blunt-ended (when duplexed witt. jts 
E. and probes D and E m-emTO -corrected" by supplying fifth and sixth probes F and F. 

TpSet wS;; r/bHdize t Z^li and target complement (and to one another, between both 

" ^'Tsrenrrirurs 7isC^^^^^ gaP-«"ing probes be shorter on both ends than the 

As seen in Figure 5. '« s preie secondary probes D' and E* extend past both of the respective 
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Alternatively, as demonstrated in Example 13. one primary probe (D) may extend past its secondary 
complement(D'). while 4he other primary probe (E) stops short of its complement (E). In this alternative 
configuration, however, it is important that the modified end not be "sticky- with respect to the wrong 
probes. For example, the 3* end of D which extends beyond D* should be complementary only with the the 
5 3- end of F which extends beyond F. It should not be complementary to the 3' end of f «»^'* extends 
beyond P or with the 3' end of E' which extends beyond E. If this precaution is not taken, the probe 
duplexes may reorganize in the absence of true target to produce high background signal. _ 

The probes according to this embodiment can be manufactured in the same way as P^ob s for the 
previous embodiment. Typically, probes will also be of comparable lengths as in the P"^; 
10 Finally, reaction conditions which are useful with the above embodiment are also useful with this embodi- 
ment, with the exception that extension and polymerase are unnecessary in Mj's ^'^bodiment^ _ 

6nce the gaps between the primary and secondary probes have been filled with the gap-fiHing probes, 
the gap-filtina probes are ligated at both ends to the respective secondary or primary probes to form 
conti^ous Nucleotide sLds. The primary probes and the first gap-filling P^°be F form a pnrnanr 
,5 polynucleotide strand complementary to the target strand, while the secondary prol>es ^-J^, ^^^^^^^ 
filling probe F form a secondary polynucleotide strand complementary to the target ^"'^^'^^'^^'^^^ 
couSe ttie primanr polynucleotide and the secondary polynucleotide are also c^P'^^"*^^^;''^"^ 
^othe . consequently, repeated cycles of hybridization and ligation produce an 'ca^on of *^e target 
sequence just as in conventional LCR. In contrast, however, falsely positve signal arising from Wurt-end 
20 ^gation is significantly reduced by this embodiment since double stranded complexes D and D <^nnot 
bLt-end ligate with double stranded complexes E and E'. This is due to the one or more bases omitted 
from both of the secondary probes or. altematively. both of the primary probes. 

ItTs understood, of course, that other products will be produced besides the desired P^J^vn^f ° 'de=; 
For example, it would be expected that shorter segments ("dimers") will form conjpnsing D:F and D P^r 
F E and P:E'. It is further understood that these side or incomplete producte will tend to "^''«f Jested 
reagents. However, by adding excess reagents and by cleanly separating the desired polynucleotides from 
the Incomplete products, the embodiment is useful, though not preferred at present. 

SepS and detectioa of the ligated probes according to this. version ^^^^^^^^^^^'^^^^^^^^ 
manner known in the art. A preferred method of detection employs markers attached to the primary or 
00 rrndarprobTs. Preferably a hook capable of being captured by a solid phase is attached to the 5' end 
ofprobe D while a label or a hook capable of capturing label is attached to the 5' end o'^Pf « E; TJ« 
^ desired polynucleotide strand is then detectable by catching the first hook with the soHd phase, separatang 
ttie solid phase from the solution and detecting the label associated with the solid phase. Incomplete 
products fom,ed during the reaction will be incapable of solid phase capture, or of 'a^el detecbon^^^^^^^ 
35 Thus, upon separation and detection, little or no signal is generated in the absence of target s.nce blunt-end 
ligation cannot connect a capture hook with a label hook. 

II. PGR 

40 The principles of PGR have been fully described in the literature (see eg 

4.683.202); little additional detail is needed here. Fundamentally, a pnmer is hybndized to ta jet and ? 
polymeras; extends or- elongates the primer using nucleotide triphosphates as building bk)cks^ The 
extension product (and its complement) serve as further templates for hybndization. Generally, fo extension 
. fooccur ihe 3' end of the primer must be perfectly complementary to the target. Many polymerases. 

^^ '"^'rorrrtoteCTnUntr^^^^^ ends of PGR primers are modified so that the primer is not 
extendable by a polymerase enzyme. Where these modifications can be removed in a template dependent 
manner, another level of stringency is added to the hybridization requirement for pnmer extension by the 
polymerase enzyme. This added level of stringency, particularly when both pnmary and secondary primers 

so bear modified ends, effectively reduces spurious signal generation in PGR. ...... 

Many of me same general strategies useful for LCR regarding the choice- of blocking groups and 
methods 0? correction may also be employed for PGR. Whereas in LCR the ^^/'"^^^^^^^^ 
spurious ligation, in PGR the modification must block spurious elongation (extension). Thus, the modified or 
bSd 3^enS. when hybridized to the target sequence, must not support elongation by a PO«y-J«;^- To 

55 aoSy the descriptions of the LCR modified end embodiments given above, the tem^s -point of ligation or 
-intented point of ligation" should be substituted with "point of elongation initiation 



A. OVERHANGING MODinED ENDS 
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" Overhanging ends referred above to the relationship of complementary P^^es in the LCR s^iation^ln 
of PCR the term ."overhanging ends" does not have a comparabie meaning. For PGR. these 

-nvBrhanaino ends" modifications and corrections from LCR may generally be applied to PGR. 

trcZt^afblTcking modifications, all possible T moieties for the R group (with the possible 
exceXnT^txyrLse) which are useful in LCR can also be used to blocic polymenzajon .n PCR. In 
aSn identica^correction mechanisms employing endonuclease IV may be ^^P^^^yf^J'''^^ . .... 
"Ove han^^^^^^^ for LCR (consisting of additional nucleic acids beyond the pomt of intended 



ligation) were presented above. They are: 
10 1 . essentially ribonucleotide overhangs, 
2. Abasic site overhangs, and 



ejdension enzyme. ' The modifications mentioned above in connection with the pnmer Qenera^^jv^^ 
extension enzyme. e_ . 3S well. However, unlilce modifications to the pnmer. modificahons to 

kSwn^ 0^* which will realtively permanently prevent primer extension from the 3 ermmu^ 

AS in the case of LCR. these modifications are corrected in a template dependent fashion. The 
25 correction methods and reagents are the same as in LCR. 

B. ENDS MODIFIED BY RECESSES 

It is not presently known to us if or how recessed end modifications may be useful to reduce spurious 
'''tS«L'o^^^ modification strategy, appropriate primers with modified^ds are prepared 

PCR d^ng onl/in the inclusion of m enzyme or other agent tor correcting the mod,l,ed end ,n 
.35 a target dependent manner; 



EXAMPLES 



Th« invention will now be described further by way of examples. The examples are illustrative of the 
. inveln r^lelt^l^^^^^ to limit it in any way. Untess otherwise indicated, probe and target 
sequences In the examples are written with the 5. end toward the left. 

Example 1. 

« The following duplex target DNA sequence is presented as only a single strand for simplicity sake. The 
in the sequence represents the intended point of ligation of the LCR probes. 

3'....TTAAGCTCGAQCCATGGG-CCCCTAGGAGATCTCAGGTQQACGT....5' 

50 The following probe set was designed to detect the above target sequence by LCR. with reduced 
background levels. 



EP 0 439 182 A2 



10 



15 



20 



25 



A 5'-AATTCGAGCTCGGTACC^ 

A* 3'-GCTCGAGCCATGGG 

B 5'-GGiGGATCCTCTAGAGTCGACCTGCA 

B' a'-cfiCCCTAGGAGATGTCAGCTG 

ThA nrnhe set features two probes (A & B') containing terminal 3' phosphate blocking groups (underlined). 

LCR reSio^^^^^^ substantially as described in EP.A-320 308) using various amounts of 

taroet fDUCl9rM^^^^^^ step Of each cycle, endonuclease IV purffled from £. colhs added to 

Se r ic«o?^ sta^iard LCR conditions, since £ coli ^^Ln 

Sermo^We 11 a control, the LCR is run using the same number of target molecules w,thout the addrt-on 
S^o™ IV. in these controls a probe set similar to /"^^^^^^^^^^^^^ ^"'^ ' 

Hube coning lO^tge^^^ mo.eLes. This suppression of background provides an advantage .n 

ntrstStt^rS wi"^^^^^^^ the desirability 6f employing a highly thermostable 

/ It fv fnr^he^ame reSons that highly thermostable llgases and polymerases are useful and 
endonuclease IV 1° d pc?rsD^^^^^^^^^^^ in the art v^ill also appreciate that other enzymes, 

ft^f nown^^^^^^^^^ remove modifications at the 5' or 3' ends of a ONA f^and i^ 

Crdepe dentUnner leaving the previously blocked S' P*^osphate or S-hydroxyl .ntact. can be 
employed in a manner completely analogous to endonuclease IV as descnbed above. 

10 . 

Example 2 

The following probe set can be used to detect the target DIMA of example 1 with reduced background. 

A S'-AATtCGAGCTCGGTACCC 

A* 3'-GCTCGAGCCATGGGi£rQC£ . 

B fi' -TACrCrCG GGGATCCTCTAGAGTCGACCTGCA 

^ B* 3'.CCCCTAGGAGATCTC-^GCTG 

p1. a- and B coo.* ~ ^^^^^R ^ 

be used as in example 1 . 

Results and interpretation are the same as example 1 . . 

Example 3 

, The lolloping probe «t can also be used to detect the target ONA ol example 1 «-«. reduced 

background. 



50 



EP 0 439 182 A2 



A 5'-AATTCGAGCTCGGTACCCJfi 
A' 3'-GCTCGAGCCATGGG 
B 5'-GGGGATCCTCTAGAGTCGACCTGCA 
s B* 3*-esICCCCTAGGAGAtCTCAGCTG 

Probes A and B' contain extensions (underlined.boldface type) featuring an abasic site fJ-) Allowed by a 
sta^?ard nuc^^^^^^^ LCR reactions are performed as in example 1. Results and interpretabon are the same 
70 as in example 1, 

Example 4 

The following probe set can also be used to detect the target DNA of example 1 with reduced 
»5 background. . ' 

A 5'-AATTCGAGCTCGGTACCC . 

A* 3'^CTCGAGCCATGGGAG 
2" B S'-CAGGGGATCCTCTAGAGTCGACCTGCA 

B* 3'-CCCCTAGGAGATCTCAGCTG 

Probes A and B' contain dinucleotlde extensions (underlined, boldface type) which «hen hybridized to ^^^^^ 
te^L DNA feature a first nucleotide A/G mismatch and a hybridizable second nucleotide. LCR reacbons 
r ^erford Tin ^x^^^^^^^^ with the substitution of an A/G mismatch repair enzyme (complex) for 
endonuclease IV. Results and interpretation are the same as in example 1. 

30 . 

Example 5 

H«ntetvM 3 Phenvlketouria (PKU) accounts for about 38% of all PKU alleles in one Danish study group, 
u • ^clJi^v . JnaH^^^^^^^ (G>A) at the 5' splice donor site of intron 12 in the gene sequence 

DNA from intron 12 of the PAH gene: - 

3'. TTTAATGAATGACAATTACCT...-5* norfTial PAH DNA 
3'....TTTAATGAATAACAATTACCT....5\ PKU DNA 

A 5- AAATTACTTA 

A' 3- TTTAATGAATAAC 

B 5-£TGTTAATGGA 

^ B* 3-fiACAATTACCT 

miLttK «p* s,s«n, enr^eO) al«r «» h,bddlza«oo step ol ea* cycte 
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5 Example 6 



set of o«9onucleotides Stand^-d LCR. '^^^^^^ "^.^^^ naD, 10 ug/ml BSA. 5 x 10" 

PH7.8. lOOmM KC1. ^0'"M MgCI. ImM D^^^ 

,5 molecules each oligonucleotides A and ^ (Table 6a . /.a x lu reactions were performed in the 
(Table 6a,. and 1X 

Identical «P««««^ ""^P 
20 ul of mineral oil prior to cycling. 

« ^''^^ F, . AAGTrGTMGCACQGATGAATATGT 



30 



A 
A' 

A" 
B 

B' 



35 

D 



CATATTCATCCGTGCTTACAACT 
AGATATTCATCCGTGCTTACAACT 
TGCACGCACAAACATATATTATCA-BIO 

BIO- ATGATAATATATGTTTGTGCGTGCA 
Q FL- ATTTATACATTAAAGGCTCTGGGTC 

C . . ACCCAGAGCCTTTAATGTATAAA.FL 

ACTGCAAATTTAGCCAGTTCAA-BIO 
p . BIO- nTGAACTGGCTAAATTTGCAGTA 



IMx system with results as follows. 

^^^^^^^r'r^i Mnl^rutes Balfi. (C/S/S) 

0 standard LCR . 

106 Standard LCR 925.9 

0 Modified LCR 62.0 

106 Modified LCR 985.4 



55 

Example 7 



Double gap LCR 



extension was performed 'or 35 cycles using a COY thermocycler (Key Scientific). 
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10 IMx system with results as follows. 

• fJ^im^pr of M niectjies Rf^tft (C/S/S) 

0 15.44 

,03 *2.47, . 



106 



1375.19 



20 



Example 8 



Table 6a in the LCR set (A. a. d. ana d; u r sequence, ol gonucleotides B 

both the single and double gap format. . 



Example 9 



35 



exon 10 (Biordan. JR. «^ S^^J* ???;l'Su^io.lSoap LCR amplMon ol boft 
ZPZLTt:^S:t,Ta^"iS^^"o. an. a^^ o, CP ^n.. 



40 



Table 9a 



45 



SO 
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A Fl-CACCATTAAAGAAAATATCATCTT 
A' AAGATGATATTTTCTTTAATGGtGC-FI 
B GGTGTTrCCTATGATGAATATAGA-BIO 

B' BIO-CTATATTCATCATAGGAAACACCA 
C FL-TGGCACCATTAAAGAAAATATCAT 
C ATGATATTTTCTTTAATGGTGCCAG-FL 

. . A A. p anri B' were used for amplification of wild type sequences of the 
The LCR oligonucleotides A. A B. f "'J^^^^^ up with either no target«)ackground 

cystic fibrosis gene from human placer,ta DNA. Rea ho s weje set up t ^^j^^^ ^^^^ ^ 

DNA or with 1.5 ug of ^uman placental DNA. ^^^^^^ ^ 3. 75 , 

S^s rargrierrranVe;^ .i;T^:Xr^Ls l...o^... and units 0. raa 
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DNA polymerase 



for 30 cycles. Double labeled amplification products Were detected.as described. 



Target. 



Rate (c/s/s) 



10 



No Target . 9.3 

Placental DNA 738.5 



TS 



20 



Example 10 

. A A. n anrf w rrahle 6a) could be varied in length from 17-35 nucleotides. Initial 
Oiigonucleo^des A oTgonucteotide sets listed in Table 10a. The actual upper 

with ttie double gap ofigonucleotide set. 

Table 10a 



25 



30 



35 



45 



1 9-mer set: 



A: Fi-TAAGCACGGATGAATATC3T 
A': CATATTCATCCGTGCTTAC 
B: TGCACGCACAAACATATAT-BIO 
B*: BIO-ATATATGTTTGTGCGtGCA 



30-mer set: 



A: R-TATCtAAGTTGTAAGCACGGATGAATATGT 
A': CATATTCATCCGTGCTTACAACTTAGATAC ^ 
40 6: TGCACGCACAAACATATATTATCATGCAGG-BIO 

B": Bio-CCTGGATGATAATATATGTTTGTGCGTGCA 



Example 11. 



. M^.M^ nao LCR extension allows the use of increased cycle numbers since the blunt end 

Id B- Tab nrcould be used lor blunt end and single gap. LCR for various cycle numbers .n order to 

'iTr^Td SoTydL Si^^^^^^^ could be performed using even more cycles If desired, and/or 

55 using the double gap LCR extension set described in Example 7. 



Example 12 
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10 



The ability of single gap LCR extension to distinguish single base mismatches was ^jcamined u^sing 
l^Z^e^ J^^ T^ere^^e. e«en.<cn w», occur be,»nd ,h, gap ,.g,c„. 



ftYnih""''' Targets 

" A AAGTTQTAAGCACGGATGAATATGTTGCACGCACAAACATATATTATCA 
8 AAGTTGTAAGCACGGATGAATATGATGCACGCACAAACATATATTATCA 
C AAGTTGTAAGGACGGATGAATATTTTGCACGCACAAACATATATTATCA 

20 

Reactions .ere set up in tHP^cate -h ^m^^^^^^^ f ^ 
DNA containing 10^ molecules ^ 9;-^^^^^^^^^^^^ cycles. Following amplification, 

described in Example 6;^.^"9|V'^ifLn^^^^^^^^ double labeled LCR reaction products were 

25 reaction products were diluted 1.1 with sten^ ^^'T* „ ° nrntotvoe of the Abbott IMx system with the 
detected via a sandwich immunoassay performed on a prototype of the addou imx y 

following results. 

30 ■ J m^^ P^^** ^^^^^^^ 

No target 15.2 
Target A 167:7 

35 . . _ ^ 

Target B 8.2 

Target C 12.5 , 
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Example 13 

^ anomer embo«men, o, gap filling '^^"'j;;'' '-^"^'^^^^^^^ 



the text 



50 



Table 13a 

D FI-TACCTGCCTCCTGTACCTGTATCTA 

pv AGATACAGGTACAGGAGGCAGGTA-FI 
F AAGTTGTAAGCACGGATGAATATG 
P ATATTCATCCGTGCTTACAACTTT ' 

'V E TTGCACGCACAAACATATATTATC A-Bio 

E' Blo-TGATAATATATGTTTGTGCGTGGAAC 



/5 



20 



25 



30 



95 



products would be diluted and detected as described in previous examples. 
EXAMPLE. 14 : 

The following synthetic oligonucleotides are prepared and used as primers for a PGR reaction, with 
pUCi 8 as the Intended target 5 DNA. 

Pf\mer Complementafy to pUCl8(nt)* 

A5*-AATTCGAGCTCGGTACCC 498-481 
3 S^^TGAGAATAGTGTATQC 2239-2255 

.. .. - * anH R . Which contalo abasic sites are prepared. These primers are 
complementarity to pUCia DNA is as follows: . 



40 



Primer Complementary to pUC18(nt)" 



AnxxJ ff^TTCGAGCTCXSGTACCCJGCBGATCCX • 498-473 

Bmod 5"-CTGAGAATAGTGTATQCJGCGX , 2239-2259 



•The nucleotide (nt) numbering system refers to that published by DNA Star Inc. 
so (Madison. Wl). 

„, me modi«ca«on ^'^^^^ B^St aSXt^ Clcr,lng Tech.l,ue.. p. 104 (.987). 



4 683 202) with the presence of i^dCTP in the nucleotid mixture. Where infted below.the enzyme 
^TonocLTN Zdo IV) is added to the reaction mixture following the hybridization step of each cycle. 

FSwfng PCrSe I;^^^^ products are precipitated with trichloroacetic acid (TCA . washed and 
the me^u!S. The following table gives the anticipated relative signal intensity for the var.ous 

reaction schemes. , 

with tarpftt r>MA Yf'thrillt PNA 



Primpr mix . 

10. A + B 

Amod 

Amod + Bmod * EndO IV 

A + B, no polymerase 

75 



Claims 

20 1 



A method of amplifying a target nucleic acid sequence enzymatically to y'«'d.«'"j;'<'<=f °" P~^"^^ 
whTr^n an enTyme uLes: a nucleic acid initiator: the target sequence or ampl.r.cat.on product^ to 
wWch I hybrid^eTas a template: and at least one additional hucleoride.conta.nmg 'eactant wh,d^^ 'l^^^ 
h«enJvraSv assembled to form amplification products complementary to the target the amphfica- 
1 pTucSemsX^i^^^^^ as further templates: said method characterized In that it comprise^ 
/rSirSSe capable of hybridizing with the target, wherein at least one of the 

nLSt r^^^^^^^ w^^en the initiator is hybridized, the enzyme ^subs^Jally .capable 

of acting on the initiator as its substrate, so that amplification product is not ^sembted. 
?bSdzina the initiator to the target, if present to fomi an initiator-template complex: 
Ic! co'S rnLL in a Lget dependent manner to allow the initlator-templato complex 
30 to be acted upon by the enzyme; 

and assembling steps to amplify the desired target sequence. 
The method of Claim 1 wherein said modification of at least one initiator (step a) comprises a blocking 



35 2. 



40 



45 



assembly of step d. 
•3. The method of Claim 2 wherein the blocking moiety is of the form: 

0 

• II 

— P - 0-Z 
I 

OH 



50 



wherein Z is selected from the group consisting of -H:-(CH,)n CHO. where n is from 1 to about 3:.- 
deoxyribose: and-dideoxyribose. 

A Th^ method of Claim 2 wherein said blocking moiety is a nucleic acid overhang, provided that if the 
• In^^^ aieSSy of^^^^^ occurs by extension, the overhang includes a non-extendable 3' 



55 tennninus 
5 



The method of Claim 4 wherein said overhang is selected from among: 
a. ribonucleotides when said Initiator comprises der ^ribonucleotides. 
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5 6. 



75 



20 

9. 



25 



30 



35 



b an oligonucleotide having at least one abasic residue; and 

c! an oligonucleotide having a residue selected so that, upon hybridization of the mod.f.ed .ntttator 
with a target strand, a base pair mismatch results. 

The method of Claim 2 or 4 wherein said correction of the modification comprises the use of an agent 
selected from: 

b. anTdoldSTefr-at cleaves a nucleic acid strand at an abasic site substantially only when the 
strand is hybridized to a complementary strand; 

c. endonuclease IV: and 

d. a mismatch repair enzyme. , 

Th« m*.thod of claim 1 wherelp the enzyme is a polymerase, the initiator comprises a prirner the 
lucle^sS^^^^^^^^^^^ rea^tant comprise? individual nucleoside ^^^^osp^^^^^jn^^^ amp..«cat.on 
product comprises an extension product made from primer and nucleoside tnphosphates. 

The method of claim 1 wherein the enzyme is a ligase. the initiator is a first °"9°""'^'«°«Jf P^^^^^ 
lucleosSe^ontaining reactant is a second oligonucleotide probe, and the ampl.f.cat.on product com- 
prises fused first and second oHgonucleofide probes. 

Ths method of claim 8 wherein the modified initiator(s) of step (a) includes a f:rst probe hybridlzable to' 
rfirsrsrgment oUhe t^^^^^ a second probe hybridlzable to a second segment of the target, a third 
. prSS hyKlble to the first probe and a fourth probe hybridlzable to the second probe, wherein, as 

'^iTSSTerd of the first segment of the target is spaced from the 3' end.of the second segment by 
S.?^. X being Independently selected from a set N consisting of from one to any three of 

to 1 5- end T*e thW probe is spaced from the 3' end of the first probe by Y„ bases, each Y 
bei^q ihdependentiy se Jed from a set M consisting of from zero to any three of the four bases 
^^m bS zero or any Integer greater than or equal to 1. provided that at least one base remains 
^usTd in thVnd y! sequences to comprise the set not N and not M. and that the sequenc of 

Y ha<5es is not comolementary to the sequence of bases; and , , ^ , 

S)?he ba^ad^ce^^ the 5' end of X„ and the base adiacent the B' end of Y. are ^^ l^!^^ 
set Q which consists of n(it N and not M; and wherein said step (c) composes extending ttie firs^ 
pmbe to fiS the X„ gap. and optionally the fourth probe to fill the Y„ gap. using an excess of deoxy 
rShosphates ^d deoxy Y' triphosphates, wherein and r represent the complements of X and 
Y. respectively. , ■ ' . ' ^ 

10. The method of Claim 9 wherein n equals from 1 to about 3. 

11. The thethod of Claim 9 wherein m equals zero. 

12. The method of claim 9 wherein the deoxy X triphosphates added during step c comprise bases 
r(Jjif?ed to c<S,tJn a marker selected from the group consisting of labels, hooks and haptens. 

13. The method of claim 8 wherein the initiators of step (a) indude three pairs of complementary probes 
which hybridize to the target and. optionally, the target complement, including ' wrfHi^ahte 

m a S orobe D. hybridizable to a first segment of the target, and a second probe. D'. hybndizable 
lo pSie D such that the 3' end of the second probe D' overhangs the S' end of probe D by 

mt^hirXobT'E hybridizable a second segment of the target and a fourth probe. E'. hybridizable 
to thrSdCbe E.'su^ that the 5' end of probe E overhangs the 3' end of probe E by at least 

^obe F hybridizable to a third segment of the target and a sixth probe. P. hybridizable 
le fl probe. F; w^^^^^^^^ the first, third and second segments of the target are jn^ecu 
tSarwhen Sybridiz^J to the target, the fifth probe lies with its 3' end adjacent the 5' end of the first 
probe, and with Its 5' end adjacent the end of the third probe, and 



40 



45 
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^^A;n^^*ifsrt thA r end nf the fifth orobe. F. overhangs the sixth probe, F\ by a 

10 complement. 

14 The method of Claim 13 wherein the overhangs of the second and fourth probes. D' and E'. 
respectively, independently comprise from . to about 3 bases. 

third probes. 

16. A diagnostic kit compri^ngi^^^^ hybridizable with target such that they are 

")T2sembling reagent selected from either a ligase or a polymerase enzyme for assembling an 

^f'^ZCrS^r^ cap^tle of correcting the modified probe/primer in a t^get dependent 

ISinnerartr^^^^^^^^^^ 
30 17. The kit of Claim 16 wherein the correcting reagent.comprises an agent selected from: 

b/an t'ndo" Se \hat cleaves a nuc.eic.acid strand at an abasic site substan«a.ly only when the 

Strand is hybridized to a complementary strand: 

c. endonuclease IV; and 
35 d. a mismatch repair enzyme. 

18. The kit of Claim 16 wherein the initiator comprises two pairs of probes, the assembling reagent 
comprises a ligase. and the correcting reagent comprises a polymerase. 

. . ^- V o firct tflffiat nucleic acid sequence from a second, nontarget sequence 

IrSrby Xn bases, each X being independently selected from a set N cons.st.ng of from one 

Si^L^si m w J^rr^W^ W g^*- man or e<wal to 1, provided Jat a. least on, 
^ .UrulSTn the X, »i V„ sequem^s. and that the sequence ol X. bases .s not 

Z^TZt^ t:i^''^ X. and the h»e a^n. the S. end o. V„ 

« ^rrr^n^crsitrr"!^-^^^^^^^ 
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stranded target or double stranded target separated from its complementary strand. 
fTwte Sized to target, extending the first probe to fill the X„ gap. and optonally the fourth 
to fiir hi Y aao using an excess of deoxy X' triphosphates and deoxy Y tnphosphates. 
^Z^i^^rrZ^iir^^^^^ Of X and Y. respectively, on the target strand but 

deoTy Z' triphosphates complementary to the single different base .n the nontarget gap 
r2 hybridized fo target, ligating the extended first probe to the second Pf f;^^"^ ^^Im^^^^ 
Jg^ng the extended four?i probe to the third probe, to form at least one double stranded complex . 

70 unligated probes. 

20. A method for tfistlnguishlng . first, target nucleic add ^"ZZ^J^-'"' 

„ Sr^ d"X a «cond aegmen. of the targe. -aWrd ^ comp^-- 

Zto ttie lirst probe and a foorlh probe complementary to tt,e P""»; 

n\JZan the 5' end of the first segment of the target is spaced from the 3 end of ttie secono 
ImenTby :l bas:^^.^- X being'independently selected from a set N consisting of from one 
^amthree of the four bases, and n being any integer greater than or equal to i: 

base remains unused in the X, and Y„ sequences, and that the sequence of X. bases 
^Srbre'S^tr-.rof and .he base ad^cen. the . e.^ of V. are 

. . h ^Zri^ r ^Ss"ir hy:r?^l°ns^-, .ng. ^ .argat or doub. 

probe to fill the Y„ gap. using an ' resoectivelv. whereby Z fails to terminate 

wherein X' and Y* represent the complements of X and y. respecoveiy. wnwouy 

40 unligated probes. 
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